Prostate cancer is the most commonly diagnosed malignancy in men in the United States and is projected to be the third most frequent cause of male cancer-related deaths in 2007 (http://www.cancer.org/docroot/stt/stt_0.asp). For organ-confined disease, initial treatment is prostatectomy or radiation, which usually is curative. However, approximately 20% of patients are not cured by such treatments and their cancer recurs, sometimes with long latencies, and some patients are diagnosed only after the cancer has spread. Progressive prostate cancer is almost always treated with androgen deprivation therapy, which causes an initial regression, due to the androgen-dependent nature of the vast majority of prostate cancer cells. Very frequently, however, androgen-independent cancers emerge and, subsequently, wide-spread metastasis occurs.
Metastases are found most commonly in the bone, lymph nodes, liver, lungs, and dura [1] [2] [3] . Bone metastases occur in approximately 90% of patients with advanced disease and are a leading cause of morbidity. Replacement of hematopoietic tissues with tumor cells leads to anemia and increased susceptibility to infection. Bone remodeling and osteoblast-driven new bone overgrowth lead to pain, fractures, and spinal cord compression [4] . Data collected from rapid autopsy programs have revealed a remarkable degree of phenotypic heterogeneity among tumor cells within bone metastatic sites when comparing different patients as well as at multiple sites within individual patients [2, 3] . This heterogeneity includes differences in morphology as well as immunophenotypes for differentiation markers.
Understanding the mechanistic basis that underlies the development of prostate cancer metastasis is fundamental to the development of treatment and preventive therapies. The identification of the cell of origin for metastatic prostate cancer must be a major goal of research in this area, in order to properly target therapy. Obtaining such a goal is still mostly in the conceptual stages. Properties of the metastatic prostate cancer-initiating cell that may provide insight to its origin are an apparent plasticity with respect to the expression of differentiation markers and a propensity to develop androgen independence. Here we discuss current data and theories concerning a stem or progenitor cell of origin for metastatic prostate cancer. Another important property of metastatic prostate cancer cells is their selectivity for growth in the bone microenvironment, a topic which has recently been reviewed and will be only briefly addressed here [5, 6] .
The property of secondary tumor initiation
Metastatic colonization requires that the initiating cell have self-renewal properties following its migration to a secondary site. It is apparent from both clinical and experimental data that only a small proportion of the cells from a primary tumor are able to initiate secondary growth [7, 8] . For example, there is evidence that tumor cell dissemination occurs early in disease progression for a variety of cancers, including prostate cancer, but the vast majority of these cells do not establish metastases [9, 10] . In addition, minor populations of cells in various types of tumor samples have the capacity to form replicative colonies in vitro or to form tumors upon transplantation into a secondary host [11] [12] [13] . Thus, the combination of properties required for growth outside the primary tumor occurs in rare cells within a tumor population.
Mechanistic insight into these observations with respect to tumor samples originally came from studies in human leukemia. It was demonstrated by John Dick and colleagues that the long-term tumorigenic potential of human AML resides in a rare subpopulation, which is characterized by surface markers overlapping with normal hematopoietic stem cells but distinct from the bulk of the tumor [14] . Because normal stem cells have substantial self-renewing capability and give rise to phenotypically distinct differentiated progeny, these findings suggested the concept of a cancer stem cell (CSC) in which the tumor-initiating properties reside. Similarly, more recent studies have demonstrated that a minor population of tumor-initiating cells resides within solid tumors, including brain, breast, and colon tumors [15] [16] [17] . These tumor-initiating cells were identified by their unique and rare constellation of surface markers that are different from those expressed on the majority of cells in the tumor. The defining surface markers for the tumor-initiating population are thought to overlap with stem cell markers in the respective normal tissues. Investigations in a mouse model system of leukemia demonstrated a difference between the drug sensitivities of normal and leukemic stem cells [18] . This finding suggests that targeted therapies can be developed for CSC's without damaging normal stem cells.
A major question with respect to CSC's is their origin, i.e. in which cell type do mutations occur that lead to transformation and tumor-initiating properties. Reasonable possibilities include the stem cell compartment itself, as well as more mature progenitor cells that acquire at least some stem cell characteristics following mutation. In fact, experimental leukemia models suggest that both mechanisms occur, depending upon the initiating mutation [19] [20] [21] . Because markers that delineate stem cells and their intermediate progeny in epithelial organ systems are not nearly as finely defined as those for hematopoietic cell differentiation, addressing such mechanistic questions in solid tumors awaits the discovery of additional markers and the construction of tissue-specific lineage maps.
Stem cells in the normal prostate
The prostate is a glandular organ comprised of three distinct cell types (basal, luminal, and neuroendocrine cells) embedded in a fibro-muscular stroma [22] . The lineage relationships of the three nonmesenchymal cell types are relevant for understanding the origins of prostate cancer. The epithelium is composed of two histologically distinct layers that perform different functions. Prostate basal cells form a layer along the basement membrane of each duct, and luminal cells form a layer above the basal cells. Neuroendocrine cells are a minor population scattered throughout the basal layer and are identified by the expression of neuroendocrine markers such as chromogranin A and synaptophysin ( Figure 1 ). As will be discussed, direct evidence based upon prospective isolation suggests a common origin for basal and luminal cells. In addition, indirect evidence supports the notion that prostate neuroendocrine and epithelial cells share a common progenitor. [26, 27] . These rare cells are positive for combinations of CK5/14/18 and CK5/18. Likewise, another marker, prostate stem cell antigen (PSCA), may also first appear on intermediate cells [28] . Another rare intermediate cell type has been identified in the normal mouse prostate that co-expresses luminal CK8 and AR markers in addition to neuroendocrine markers, but not CK5 [29] .
The strongest evidence for the existence of prostate stem cells comes from the remarkable regenerative capacity of both human and mouse prostates [30] . John Isaacs and colleagues investigating the effects of androgen cycling on regression and regeneration of rat prostate first demonstrated the presence of prostate epithelial stem cells [31, 32] . Androgen withdrawal leads to apoptosis of the majority of luminal epithelial cells and the survival of basal cells. Androgen replacement in previously androgen-depleted animals results in regeneration of the luminal cell layer. This cyclical response can be repeated multiple times. The fact that the basal layer remains intact and that luminal cells can be regenerated has led to the suggestion that the epithelial regenerative, i.e. stem cell, activity resides within the basal layer.
Given the central role played by androgen in the developing and regenerating prostate, important questions are which cell types express AR's and what potential mechanisms mediate androgen responsiveness. Different tissue types, mesenchymal and epithelial, play a role in androgen-driven growth and differentiation of the prostate. Cunha and colleagues developed tissue recombination studies, which utilized microdissected and enzymatically digested embryonic urogenital sinus (UGS) mesenchyme and epithelium, transplanted under the kidney capsule of immunocompromised mice. These studies demonstrated that AR function in the mesenchymal component, but not the epithelial component, of the developing prostate is sufficient for growth of the prostate gland [33, 34] . Androgen stimulation of stromal cells is thought to stimulate growth factor and cytokine expression, which subsequently act upon epithelial progenitor cells. With respect to differentiating function, it was shown that androgen acting through AR expressed in the luminal cells mediates their secretory function [35, 36] . Similarly, AR-positive mesenchymal cells are required to obtain regeneration of adult epithelium, suggesting mechanistic similarities between prostate development and regeneration [37] . Therefore, it appears that androgen indirectly affects the growth and early differentiation, through the nonsecretory stage, of prostate epithelium. Although AR expression in basal and intermediate cells may not be required for regenerative activity, AR expression in these cell populations has been described [23, 25] . An adaptation of the tissue recombination procedure in which UGS mesenchyme is mixed with manipulated mouse epithelial populations has been used to assay growth and differentiative potential of candidate progenitor populations [38] .
Progress has been made in establishing markers that distinguish mouse prostate cells with progenitor activity. The majority of the regenerative capacity in the mouse prostate has been localized anatomically to the proximal region adjacent to the urethra [24, 39, 40] . The regenerative activity of the proximal region is maintained during conditions of androgen depletion. The proximal region contains a high proportion of castration-resistant CK5, BCL-2, SCA1, α6 integrin-positive cells [39, 41, 42] . SCA1 and α6 integrin expression are characteristic of stem cell populations from some other tissues [43] [44] [45] [46] . BCL-2 expression may help cells resist apoptotic stimuli such as high TGFβ production resulting from androgen depletion. As few as 400 isolated proximal prostate epithelial cells recombined with rat mesenchyme were able to regenerate prostate tubular structures with a basal layer and a secretory AR+ luminal layer [39] .
Mouse prostate epithelial cells have been prospectively isolated using SCA1 and α6 integrin as markers [41, 42] . These cells express CK5 but not AR, and they clonally regenerate tubules containing both basal and luminal cells, some of which are weakly positive for AR expression. NE cells are not observed. These studies directly demonstrate that basal and luminal cells share a common precursor cell. It should be noted that the SCA1+ α6+ progenitors appear to have less regenerative capacity than unseparated proximal epithelial cells [39] . An explanation for such a loss of regenerative potential is that the separation procedure damages or prematurely differentiates stem cells.
Using a separation and reconstitution approach with human prostate tissue similar to that described for mouse cells, it has been found that epithelial cells expressing CD44, CD133, and high levels of α2β1 integrin give rise to prostatic-like acini containing cells expressing differentiation markers such as AR, PAP, and luminal keratins [47] . Similarly to the mouse progenitors, the majority of www.cell-research.com | Cell Research Kathleen Kelly and Juan Juan Yin 531 npg prospectively isolated human progenitor cells expressed basal keratins and no AR. The relative heterogeneity of prospectively isolated mouse and human progenitor populations to date suggests that care be taken in assigning correlative non-selected expression characteristics (e.g. AR or p63) to these populations. As yet, assays that allow the quantification of prostate stem cell/regenerative activity have not been developed, and the proportion of stem cells within the prospectively isolated populations is unknown. The identification of a relatively unique stem cell-specific marker in the prostate, as has been done for Lgr5 that marks small intestine and colonic epithelial stem cells, would greatly facilitate the molecular and biological characterization of a prostate stem cell [48] .
The overlap between anatomically defined CK5+ basal cells and stem progenitor cells in the prostate has been addressed by investigations that make use of mice that have lost p63 gene function [49, 50] . However, the interpretation of these experiments is controversial. p63 is a marker for mouse basal cells, and the prostate is not formed in embryonic p63−/− mice [51, 52] . Rescue of p63−/− blastocysts with beta-galactosidase marked p63+ cells demonstrated that basal and luminal cells have a common ancestor that develops from the p63+ cells [50] . That is, there was no evidence for luminal cell clones that developed independently of basal cells. In apparent contradiction to this conclusion, transplantation of p63−/− UGS under the kidney capsule of immunocompromised rats gave rise to abnormal mucin-producing cells and a proportion of cells expressing either luminal or NE markers [49] . These results suggest that luminal cell progenitors do not require p63 for their development, and therefore luminal cells do not develop in a linear fashion from p63+ basal cells. Taken together, it appears that the efficient physiological development of normal luminal epithelium is clonally dependent upon p63 expression. However, it is possible that p63+ daughter cells influence the differentiation of p63− progenitors. Such a scenario does not eliminate the possibility that a p63− progenitor for both luminal and basal cells may well exist.
Prostate cancer stem cells
The simplest definition of a CSC is that of a cell able to regenerate a tumor, i.e. a tumor-initiating cell. As discussed earlier, the expectation is that CSC's will express overlapping markers with normal stem cells from the same tissue and that CSC's will display high clonogenic activity in vitro. However, the most definitive property with respect to defining CSC's is that of tumor initiation, and this is also the property that directly links CSC's to metastatic colonizing cells. Therefore, although data have been generated using in vitro clonogenicity to characterize human prostate CSC's, we will concentrate the following discussion upon tumorinitiating cells (for a discussion of in vitro properties, see [26, [53] [54] [55] [2, 3, 56] . In addition, following androgen ablation therapy, androgen-independent tumors emerge [30] .
The direct demonstration of purified tumor-initiating cells from primary human prostate tumors has not been reported. Limited access to biopsy material, potential contamination with normal stem cells, and the expected rarity of putative CSC's have led to an alternative approach in which primary prostate tumor tissue is cultured in epithelial-selective media, immortalized with human telomerase-expressing lentiviruses, and subsequently clonally derived [57, 58] . Continuously proliferating lines of the phenotype CD44+, CK8/18±, p63−, AR− gave rise upon recombination with rat UGS mesenchyme to tumors that were mostly AR+ and displayed regions representing luminal (CK8/18+), basal (CK14+), and NE (synaptophysin+) cells [57] . This directly demonstrates the existence of a cloned cell with pluripotent differentiative capability.
It will be important to analyze further the tumorigenic and metastatic properties of such cells in xenograft models. Prior studies demonstrated that a CD44+, α2β1hi, CD133+, AR− basal-like cell is rare in primary tumors, and such a cell may be overlapping with the immortalized tumor-initiating cell described above [59] .
Concerns exist for the immortalization model described above. One issue is the contribution of in vitro selection to the transformed phenotype. The existence of abnormal karyotypes in telomerase-immortalized lines from non-cancerous derived epithelium underscores this problem [58] . Another concern is the potential genetic heterogeneity of human prostate cancer and the need to determine the underlying carcinogenic events in individual cell lines in order to generalize and place results in context. Thus, the advent of relatively affordable whole genome sequencing should contribute to the utility of human cell lines. Even though the precise markers expressed by the immortalized progenitor cell may be modulated by in vitro culture and/or hTERT introduction, this system may be an entry for establishing cell lineage relationships in addition to allowing mechanistic questions about prostate cancer development.
Tumor-initiating cells have not been prospectively isolated from mouse models of prostate cancer. However, the ability to analyze the development of disease over time 532 npg has led to some insights into the potential cell of origin for specific prostate cancer models. PTEN deletion is common in human prostate cancer, and the deletion of PTEN in the adolescent mouse prostate leads over a period of months to the development of localized and then invasive luminal type adenocarcinoma, which is accompanied by occasional microscopic metastases to the lymph nodes, lung and liver [60] . Disease progression over time is characterized by the expansion of cell populations, which were analyzed in the proximal region of the prostate [25] . These expanded populations included CK5+/p63+ basal cells as well as an intermediate population of CK5/8+ cells. The latter also contains cells expressing BCL-2, SCA1, and AR, consistent with a potential luminal progenitor phenotype. Because PTEN deletion appears to occur in both basal and luminal cells as well as various progenitor populations, it is not clear whether the CK5 and CK5/8 cell populations expand independently or whether CK5/8 expansion follows from CK5 expansion.
Another model that demonstrates the expansion of a potential progenitor population develops in mice following prostate-specific deletion of Rb and p53 [29, 61] . Interestingly, early invasive adenocarcinomas are observed in the proximal region of the prostate and are characterized by the co-expression of CK8, the neuroendocrine marker synaptophysin, AR, and SCA1. This model leads to the development of large metastases in the majority of animals. Metastases are found in the lung, liver, lymph nodes, and adrenal gland, but not the bone. Because rare cells co-expressing CK8, AR, and NE markers are found in normal mouse prostate, this model may represent the dysregulated expansion of a pre-existing intermediate progenitor population of cells. Based upon the PTEN and the Rb/p53 deletion models discussed above, a speculative lineage model is shown in Figure 2 . The correctness of the model is partly dependent upon the assumption that mutations leading to cancer expand an existing intermediate population and do not endow new differentiative properties to the transformed cells.
Castrate-resistant prostate cancer
The transient response of human prostate cancers to androgen ablation therapy has led widely to the speculation that prostate tumors arise from a small population of androgen-independent cells, often presumed to be androgenindependent prostate stem cells with predominantly basal cell characteristics. In support of the concept that androgenindependent cells exist as an inherent component of prostate adenocarcinoma, mouse models have suggested that a pre-existing population of androgen-independent prostate cancer cells exists and emerges uncoupled from disease progression [62, 63] . However, it is important to consider the principles that have been established with respect to the npg emergence of androgen-refractory human prostate cancer [30] . AR signaling is maintained, and through a variety of potential mechanisms, some of which directly involve mutation of the AR, AR-dependent signaling evolves to androgen-independence in castrate-resistant prostate cancer. There are few AR mutations in primary cancer in comparison to castrate-resistant, metastatic prostate cancer. One study found that 50% of bone metastatic lesions from different patients demonstrated AR mutations, implying that AR mutations pre-exist in metastatic, tumor-initiating cells [64] . If AR mutations are selected, such selection must occur in a self-renewing population. Therefore, the cell of origin for prostate cancer metastases appears to express AR and presumably is sensitive to AR-mediated signaling, although AR-dependence is not necessarily required. An alternative possibility is that the prostate cancer progenitor is influenced in its selection in a nonautonomous manner by progeny that express AR [65] . The most straightforward model suggests that an AR-expressing intermediate cell acquires mutations that endow it with the unlimited self-renewal property of stem cells [66, 67] . The progenitor nature of intermediate cells is consistent with the observed plasticity of morphology and immunophenotype in prostate cancer metastases. One finding that supports the notion that the cell of origin for human prostate cancer is AR sensitive is the existence of an androgen-regulated gene fusion in a high proportion of prostate cancers [68] . Fusion of the androgen-regulated TMPRSS2 promoter with the coding region of various ETS family transcription factors (TF) is thought to result in overexpression of the translocated ETS TF. Such translocations occur in about 50% of prostate cancers and have been found in 20% of PIN lesions, early localized neoplastic prostate cells. Therefore, androgen-regulated ETS TF expression appears to be an early genetic event. As a fuller understanding of the developmental lineage of prostate epithelial cells emerges, the important questions of which cells express androgen responsiveness and how androgen independence is selected will hopefully become clearer.
Growth factor signaling systems implicated in prostate cancer stem cell function and metastasis
A stem or progenitor cell origin for prostate cancer metastases predicts that drugs which target pathways relevant for stem cell proliferation or maintenance may inhibit the expansion of metastases. Two signaling pathways that have been implicated in prostate stem cell regulation are the Hedgehog (Hh) and TGFβ pathways. The predicted role or mechanism of action in prostate cancer metastasis is significantly different for the two pathways. Hh is predicted to be a positive regulator of prostate stem cell growth. On the other hand, TGFβ is thought to maintain prostate stem cells in a quiescent state, subject to regulatory feedback upon the need to expand the epithelial population. In prostate cancer progression, loss of sensitivity to inhibitory autocrine TGFβ is hypothesized to lead to paracrine activity of TGFβ resulting in positive conditioning of the metastatic microenvironment.
The Hh signaling pathway has been implicated in prostate development, adult prostate homeostasis, prostate cancer growth, and prostate cancer metastasis formation [69] . Hh signaling has been connected to stem cell proliferation in tissues that include the central nervous system, skin, mammary gland, gut, and pancreas [70] . Therefore, the reasonable possibility exists that Hh signaling plays a role in the regulation of growth and/or differentiation of prostate CSC's.
The Hh family of secreted proteins includes Sonic (Shh), Indian (Ihh), and Desert (Dhh). Shh is the most widely expressed during development, but it appears that Ihh provides some functional redundancy for Shh during mouse prostate development [71] . The Hh proteins exert their activity by binding to a 12-pass transmembrane protein Patched (PTCH), which constitutively represses Hh pathway activity through its interaction with a second 7-transmembrane protein Smoothened (SMO). Binding of Hh ligand to PTCH derepresses SMO, which activates the Gli family of TF, leading to specific target gene induction or repression. There are a number of cytoplasmic regulatory proteins and feedback loops that modulate Hh signaling [72] . Because Hh signaling results in increased Gli1 and PTCH expression, the presence of these gene products is used as an assay of Hh pathway activation. In addition, the drug cyclopamine binds to SMO and blocks ligand-dependent SMO activation [73] . Cyclopamine has been widely used to probe Hh pathway function.
Shh is a secreted factor produced by prostate epithelial cells. Histological studies that localize Shh production and pathway activation suggest that Shh mediates its functions through both autocrine stimulation of prostate epithelial cells and paracrine stimulation of stromal elements [74, 75] . Developmental studies in the mouse have shown that Hh/Gli signaling is required for normal ductal bud proliferation and for glandular morphogenesis [76] [77] [78] [79] . In addition, the human adult prostate demonstrates high levels of expression of Shh, PTCH, Gli1, and SMO, but the exact role of Hh signaling in normal adult prostate homeostasis has not been established [80] . A role for Hh signaling in prostate stem/progenitor cell maintenance or proliferation is suggested by the observation that testosterone-induced prostate regeneration in rodents is blocked by cyclopamine [81] .
Various lines of evidence suggest that the Hh signal-534 npg ing pathway functions in prostate cancer tumorigenesis and metastasis. Shh expression and signaling are often increased in localized prostate cancer as compared to normal or nontumorigenic hyperproliferative tissue, although there is a wide range of expression in all conditions [74, 75, 81] . Based upon histological analyses using PTCH and Gli expression as markers of pathway signaling, data exist for both Shh-mediated prostate adenocarcinoma autocrine and paracrine signaling. RT-PCR analyses of metastatic prostate tumors demonstrated increased PTCH expression, taken as an indicator of Hh pathway activation, which was correlated with increased SMO expression, suggested to be a determinant of pathway activation [81] . Due to the heterogeneous cell types in tumor samples, it is possible that either autocrine and/or paracrine signaling is upregulated in metastasis. Given the predilection of prostate cancer to metastasize to bone, it is of interest that bone marrow stromal cells are responsive to Hh ligands and that Shh and Ihh stimulate bone remodeling [82, 83] .
It is difficult to interpret experiments addressing the functional consequences of autocrine ligand-dependent Hh signaling in prostate cancer tumorigenesis or metastasis due to the fact that appropriately regulated syngeneic or xenograft models do not exist. That is, the available human prostate xenograft models are at best marginally responsive to either the addition or inhibition of Hh ligands [75, 80] . On the other hand, Hh-dependent paracrine stimulation has been shown to increase xenograft growth of LnCaP tumors [74] . Although cyclopamine is growth inhibitory for prostate cell lines, the lack of ligand-dependent signaling in these cell lines suggests at least one mechanism of action for the drug that does not directly follow from SMO inhibition [74, 75, 80, 81] . Although Hh ligand-dependent signaling is nonfunctional in prostate cancer cell lines, the manipulation of Gli1 expression levels suggests a positive correlation between tumor cell growth and levels of Gli expression [74, 75, 81] . Constitutive Gli1 expression may represent Hh-pathway-dependent or independent genetic or epigenetic effects upon Gli1 regulation. The potential role of Hh signaling in prostate stem cell growth regulation combined with the existing suggestion that Hh signaling is modified in prostate tumorigenesis and metastasis promises that Hh signaling will continue to be of great interest in questions surrounding the cell of origin for prostate cancer metastasis. The development of genetically defined mouse models with metastatic properties will likely be one approach to unraveling the role of Hh pathway components in prostate cancer transformation and progression.
Another secreted factor that has been shown by the work of Lynette Wilson and colleagues to be important in regulating androgen-mediated prostate involution and regeneration is TGFβ [24, 40] . A concept that has developed for stem cell homeostasis in a variety of systems, including epidermis and prostate, is that stem cell proliferation is regulated by a balance between the inhibitory effects of TGFβ and the stimulatory effects of growth factors and cytokines [84, 85] . Mouse prostate stem cells are protected from a high local concentration of TGFβ by high endogenous BCL2 expression. An inverse relationship exists between TGFβ signaling and TGFβ receptor expression, which has led to the suggestion that cell autonomous regulatory loops exist in prostate epithelial stem cells to modulate TGFβ signaling pathways.
TGFβ signals are mediated by heterodimeric type I and type II serine/threonine kinase receptors. There is strong selective pressure for loss of the TGFβ growth inhibitory response when prostate cancer progresses. Clinical studies have shown that TGFβ overexpression and loss of expression of TGFβ-RI or TGFβ RII are associated with greater pathological Gleason scores, higher vascular counts, and progression to metastasis. In the absence of inhibitory autocrine TGFβ signaling, high levels of secreted TGFβ may promote prostate epithelial tumorigenesis and metastasis through paracrine stimulation of cells in the microenvironment [86, 87] . TGFβ signaling is central to the pathogenesis of osteolytic breast cancer metastasis [88, 89] . Although the role of TGFβ in prostate cancer bone metastasis is unclear, some evidence exists for the promotion of an osteolytic bone response by TGFβ in a xenograft prostate cancer model system [90] . It will be of interest to establish whether TGFβ blockade may be a useful therapeutic tool in prostate cancer bone metastasis.
Summary
Metastasis is the main reason for prostate-cancer-related deaths, and current therapies for metastatic prostate cancer have short-term benefits at best. Developing appropriate therapies requires a mechanistic understanding of how growth is regulated in the metastasis-initiating cell. The discovery that a small subset of tumor cells are responsible for initiating and sustaining the growth of other epithelial tumors, such as mammary and colon cancers, suggests the same may be true for prostate cancer. Metastasis-initiating cells are rare within the tumor population, and, at a minimum, such cells must have tumor-initiating properties. The challenge is to decipher the lineage relationships of normal prostate stem and progenitor cells and the potential cell lineages that upon transformation give rise to metastatic prostate cancer. Although the existence of a prostate CSC in either mouse or human models has not been definitively demonstrated, indirect evidence supports this concept. Kinetic analyses of mouse models of prostate cancer have shown the early abnormal expansion of cells with progeniwww.cell-research.com | Cell Research Kathleen Kelly and Juan Juan Yin 535 npg tor phenotypes. Similarly, hTERT immortalized human cell clones derived from prostate cancer specimens are able to form xenograft tumors containing multiple prostate epithelial cell types. The discovery of specific markers for prostate stem and progenitor populations is needed. The ability to identify and manipulate specific populations will allow a more refined analysis of clinical samples and the development of mouse models that directly address the consequences of stem/progenitor cell transformation.
